ABSTRACT Anaemia still persists among children and women of childbearing age in Palestine. We investigated the prevalence of anaemia and associated factors among Palestinian school adolescents (aged 13-15 years) in Ramallah and Hebron governorates. Haemoglobin levels were measured to assess the prevalence of anaemia. The prevalence of anaemia was significantly higher in Hebron than in Ramallah among boys (22.5% versus 6.0% respectively), while among girls the figures were similar (9.2% and 9.3% respectively). Linear binomial regression analysis showed that among boys, anaemia was independently associated with residence in Hebron and higher standard of living, while among girls, anaemia was associated with higher father's education. Consumption of iron-rich foods, as recorded in food frequency questionnaires, had no significant effects on anaemia prevalence in both boys and girls. 
Introduction
Anaemia is one of the most common nutritional problems in many parts of the world, especially in developing countries [1] . A major health consequence of anaemia includes impaired cognitive and physical development in children [1, 2] . Low intake of iron-rich food is a risk factor for stunting [3] . Other consequences include reduced work capacity in adults as well as increased risk of maternal and child mortality and morbidity and poor pregnancy outcome [2] . The main cause of anaemia is iron deficiency due to inadequate intake of bioavailable iron from the diet [4] . Other causes include infectious diseases, deficiencies of micronutrients such as folate, vitamin B12, inherited conditions such as thalassaemia [2] and environmental pollutants such as lead [5] .
In Palestine, anaemia still persists among children and women of childbearing age [6, 7] . However, studies measuring anaemia prevalence among Palestinian adolescents are rare. The present cross-sectional study aimed to assess the prevalence of anaemia and associated sociodemographic and dietary factors among Palestinian adolescent students (aged 13-15 years) in Ramallah and Hebron governorates in Palestine.
Methods

Study population and sample
The study was a school-based crosssectional survey conducted in Ramallah and [8] . The sample was selected to be representative of the 8th and 9th grade students in these 2 governorates, using stratified single-stage probability proportional-to-size sampling within each governorate in which the class was the primary sampling unit. A list of year 2004-05 students in these 2 grades was provided by the Palestinian Ministry of Education and Higher Education. A total of 65 classes were selected: 34 in Ramallah and 31 in Hebron. All students in the chosen classes were invited to participate in the study.
Questionnaire
Self-administered questionnaires were used to collect information from students and parents about sociodemographic factors and food intake. The questionnaires were piloted and adjusted before the survey. The students' questionnaire was tested for reliability (1-week test-retest) on a different sample of 115 students in the same age group.
Sociodemographic factors
The educational level of the parents was classified as: low (illiterate or less than secondary school education); medium (secondary school education); or high (college or university education). Residence was classified as urban or rural based on the Palestinian Central Bureau of Statistics (PCBS) classification [9] . A household standard of living index was devised based on household possessions. A score of 1 was given to ownership of each of the following items: central heating, family car, family mobile phone, personal mobile phone, indoor bathroom, water pipes, refrigerator, automatic washing machine, colour television, satellite television, video, computer, dishwasher, microwave, vacuum cleaner and Internet connection. The scores were summed to give a standard of living score range of 0-16. Three categories were constructed: "low", ≤ 6; "medium", 7-10 and "high", 11-16. The 1-week test-retest of the ownership of these amenities showed consistent answers ranging between 86.1% and 99.1%.
Onset of puberty was assessed by the question "Have you had your first period?" for girls and "Have you noticed deepening of your voice?" for boys. The 1-week test-retest for the onset of puberty showed consistent answers of 92.3% in boys and 95.2% in girls.
Food frequency list
The student questionnaire had a food frequency list of 42 items without portion sizes except for bread. The food and beverage questions were: "How often do you drink/eat the following items?" The response categories in the food frequency list were converted to frequencies in times/week (in parentheses) and these response categories were: > 4 times/day (35.0), 3-4 times/ day (24.5), 1-2 times/day (10.5), 4-6 times/week (5.0), 2-3 times/week (2.5), once/week (1.0), 2-3 times/ month (0.5), and seldom/never (0).
The following iron-rich foods and tea scores were included: animal food score [meat from beef, lamb, chicken, liver, kidney, shawerma (local dish made from beef or lamb or chicken), sausage, hamburger, cold cuts and eggs]; legumes score [chickpeas, falafel (fried broad beans), lentils, broad beans, beans and peas]; green leafy vegetables scores: molokheya (Jew's mallow) and spinach, mallow, chicory and garden rocket; tea score (black tea). The scores for the 4 food groups were constructed by the sum of the recoded responses (to weekly frequency intakes) of items included in each score, divided by the number of items. The daily quantity of taboun bread (traditional wholewheat bread) consumed was also included.
The 1 week test-retest reliability of the scores among 115 participants showed a Spearman correlation with a range of 0.55-0.65.
Blood analysis & anthropometric measurements
Haemoglobin (Hb) assays were conducted on capillary finger-prick blood samples using a haemoglobin photometer (HemoCue B). Haemoglobin photometers were calibrated daily using dry standard and liquid controls. Anaemia was defined according to World Health Organization (WHO) cut-offs as Hb level < 12.0 g/dL for girls and < 12.0 g/dL for boys under 15 years old or 13 g/dL for boys aged 15 years and over . Mild anaemia was defined as Hb levels between 9.0 g/dL and the cut-off points, moderate anaemia was Hb 7.0-8.9 g/ dL and severe anaemia was Hb < 7.0 g/ dL [1] .
Students' weight in light clothes without shoes was measured to the nearest 0.1 kg using a portable scale (Seca 780/783), and height without shoes was measured to the nearest 0.1 cm using a portable stadiometer (Seca 220). Underweight was defined according to age- and sex-specific body mass index (BMI) (kg/m 2 ) as < 5th percentile of the 2000 Centers for Disease Control Prevention (CDC) reference [10] . Stunting was defined according to the age and sex height percentiles as < 3rd percentile [10] .
Ethical considerations
Informed consent was obtained from parents, students and school principals. The study was approved by the Palestinian Ministry of Education and Higher Education, the Office of Education of the United Nations Relief and Works Agency for Palestine Refugees in the Near East and the Regional Ethical Committee of Norway.
Statistical analysis
Statistical analysis was performed using Stata, version 10.1, to adjust for cluster sampling. Chi-squared tests were used to compare frequencies and t-tests to compare means. The sample was weighed according to the sample and population sizes in each governorate (inverse of sampling probability).
A linear binomial regression model was used. We were interested in the effect of both the sociodemographic variables on anaemia and in the effect of nutritional variables adjusted for sociodemographic variables. Hence 2 models were constructed. In model 1 we adjusted for sociodemographic variables and in model 2 we added the nutritional variables to the sociodemographic variables. For model 2, we only reported on the added variables. The modelling process was carried out separately for boys and girls. We tested for all plausible interactions between the variables in the model and checked the linear effects of the covariates. We looked for points of high influence and for predicted values outside 0 and 1 as this model does not constrict the risk of anaemia between these 2 values.
Results
Two schools in Ramallah governorate refused to participate in the study and were replaced by schools with similar characteristics. Of the 2170 students invited, 2032 (93.6%) participated in the study. Only students aged 13-15 years were included in this paper, so the final sample consisted of 1942 students (95.6% of those participating) in this age range. In total, 1863 (95.9%) parents completed the questionnaires. No significant differences were found between responding and non-responding parents (n = 79) in terms of standard of living, residence (urban versus rural) or students' age or sex. However, 2.0% of parents' questionnaires were missing in Ramallah versus 5.9% in Hebron (P < 0.05). Table 1 shows that slightly more of the students were from Hebron, with a higher proportion of girls than boys in both governorates. More students resided in urban areas in Hebron than Ramallah. However, many sociodemographic indicators were better in Ramallah than Hebron: families were smaller, and the mean standard of living index was higher.
Background characteristics
The prevalence of underweight was 9.4% and 12.9% among boys and 3.8% and 6.0% among girls in Ramallah and Hebron respectively. The corresponding figures for stunting were 9.2% and 9.4% for boys versus 5.8% and 4.2% for girls in Ramallah and Hebron respectively (data not shown). Table 2 shows that scores for consumption of iron-rich foods were higher in Ramallah than Hebron. Scores were significantly higher for boys than girls for all food types in Ramallah and for legumes in Hebron. The tea consumption scores were higher in Hebron than Ramallah and higher in boys than girls in both governorates. Figure 1 shows the distribution of Hb levels by governorate and sex. For boys, the curve was shifted towards lower values in Hebron. Mean Hb level was 14.4 g/dL in Ramallah and 13.3 g/dL in Hebron. For girls, the curves were similar with similar mean Hb levels in both areas (13.9 g/dL in Ramallah and 13.7 g/dL in Hebron).
Haemoglobin levels & prevalence of anaemia
The prevalence of anaemia in boys was significantly higher in Hebron than Ramallah (22.5% versus 6.0% respectively) (P < 0.0001), while the rates for girls were similar in the 2 areas (9.3% and 9.2% respectively). No cases of severe anaemia were detected and most of the cases of anaemia (90.8%) were mild. There were large differences between schools in the prevalence of anaemia. In some schools the prevalence was as high as 42%, while in others there were no anaemic students (data not shown). Table 3 shows that in Ramallah there were no significant associations for boys between the prevalence of anaemia and sociodemographic characteristics. In Hebron, however, the prevalence of anaemia was high among 13-year-old
Anaemia & sociodemographic characteristics
boys (28.9%) (P = 0.036) and among those with a low standard of living (28.7%) (P = 0.012). A trend of increasing rates of anaemia with increasing family size was noted. In Ramallah, anaemia in girls was significantly associated with a high level of father's education (P = 0.010), whereas in Hebron no significant associations were found between anaemia and the sociodemographic characteristics of girls.
Anaemia & anthropometric characteristics
The relationship between anaemia and stunting and underweight was significant, especially for boys. A much higher proportion of anaemic boys were stunted than were non-anaemic boys (17.6% versus 7.6%) (P = 0.005). Similarly, 20.3% of anaemic boys were underweight versus only 9.8% of the non-anaemic boys (P = 0.002) ( Table 4) .
Regression analysis
The regression model results are shown in Table 5 . For boys, model 1 showed that the prevalence of anaemia was 14.4% (constant term) if all the cofactors were at the reference category. Boys from Hebron had 14.7 percentage points (pp) higher prevalence of anaemia compared with their counterparts in Ramallah (P < 0.001). By age group 14-year-old boys had a 8.6 pp lower risk of anaemia compared with 13-yearold boys (P < 0.05). Boys from high standard of living households had 9 pp lower prevalence of anaemia compared with those from low standard of living households (P < 0.05). In model 2, boys from Hebron had 13.8 pp increased risk of anaemia compared with their counterparts in Ramallah (data not shown). None of the consumption scores for iron-rich food showed any significant association with the prevalence of anaemia, but there was a tendency for a lower prevalence of anaemia among boys who ate more animal foods (2.1 pp decrease in anaemia per unit animal food score). Separate models for each governorate did not show any significant associations between dietary factors and anaemia (data not shown).
For girls, the expected prevalence at reference categories for all the co-factors in model 1 was only 1.4% (constant term). Those whose fathers had medium or high educational level had 5.9 pp and 6.7 pp added risk of anaemia compared with those whose fathers had low education (P < 0.05). Medium and high levels of mother's education showed a tendency to decrease the risk of anaemia compared with low mother's education but not significantly so. Again, none of the iron-rich food consumption scores in model 2 showed any significant effect on the prevalence of anaemia, but there was a tendency for a lower prevalence of anaemia among girls who ate more legumes (1.1 pp decrease in anaemia per unit legume score).
No significant interactions between the independent variables were detected. All continuous covariates showed linear effects, and no observations with unduly high influence were found. However, some negative results were predicted (7.3% for boys and 0.2% for girls in model 1).
Discussion
This study showed that the rate of anaemia among boys in Hebron (22.5%) was significantly higher than among boys in Ramallah (6.0%) . This value was also higher than among girls in both Ramallah and Hebron (around 9%) , despite the fact that most of the girls had already reached puberty.
Studies on anaemia among Palestinian adolescents are scarce. Two reports showed that the prevalence of irondeficiency anaemia was 12.7% among school-age children (aged 6-18 years) in Salfeet governorate [11] and 5.0% among secondary-school students in Jenin governorate. Both these studies reported that a higher proportion of girls were anaemic than boys [12] The prevalence of anaemia among adolescents in other countries in the Eastern Mediterranean region is reported to range from 30% to 55%, with the mild forms of anaemia predominating [18] . These figures are higher than Table 5 . In other studies, the prevalence of anaemia has been shown to decline sharply after the age of 16 years among adolescent boys, whereas the rate starts to increase after the age of 18 years among girls [21, 22] . The higher prevalence of anaemia among boys in Hebron is interesting. Hebron is more disadvantaged than Ramallah in terms of family size and standard of living [23] . Moreover, boys from Hebron were found to be more stunted and more underweight than either boys in Ramallah or girls in Hebron and Ramallah. Regional and sex differences might stem from a variety of sources apart from sociodemographic and nutritional factors, such as hereditary factors, parasitic infestations or environmental pollutants that were not measured in our study. Palestinian boys spend more time outdoors which might predispose them to certain infections that can lead to both anaemia and stunting. Iron deficiency has been associated with high blood lead levels in many studies [5, 24] . One study has confirmed high lead levels in children in the West Bank [25] .
Low intake of bioavailable iron from the diet is one of the main causes of anaemia [4] . Our results did not show any associations between the level of consumption of selected iron-rich foods and anaemia. This could be due to the fact that we only estimated frequency intake without portion sizes. Frequency of tea intake was not associated with increased risk of anaemia in our study. A similar lack of association was found in another study among Palestinian children [7] .
Low intake of iron-rich food is a risk factor for poor physical growth [3] . Anaemia was significantly associated with stunting and underweight in our sample, especially among boys. data. Moreover, our dietary data were based on a self-reported food frequency questionnaire and portion sizes were not given. The study was done in 2 governorates in the West Bank and the reported prevalence cannot be generalized to the rest of the West Bank. The strengths of the study include its relatively large sample size, single-stage cluster sampling method, the urban/rural distribution and the high response rate. Although the questionnaire was not validated, it was tested for reliability and the 1-week test-retest reliability of relevant questions was moderate to high. The findings of this study point to a high prevalence of anaemia among boys in Hebron. Poverty, poor intake of iron-rich food, infections or lead toxicity might be associated factors. Further studies are needed to identify causes of anaemia among boys in Hebron in order to plan proper interventions.
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Adolescent health
There are sound public health, economic and human rights reasons for investing in the health and development of adolescents. Greater investment in adolescent health would help prevent the estimated 1.4 million deaths that occur each year among 10-19 year olds due to road traffic accidents, complications during pregnancy and child birth, suicide, violence, and HIV/AIDS. It would also improve the health and well-being of many millions of adolescents who experience health problems such as depression or anaemia; and promote the adoption of behaviours that help prevent health problems later in life, such as cardiovascular diseases and lung cancer resulting from physical inactivity and tobacco use initiated during adolescence. Finally, investing in adolescent health can prevent problems in the next generation, such as prematurity and low-birthweight in infants born to very young mothers. There is growing recognition of the economic benefits of investing in the healthy development of adolescents, and the economic costs of not doing so. Almost all Member States are signatories to the UN Convention on the Rights of the Child, which clearly states that adolescents have the right to obtain the health information and services they need to survive, grow and develop to their full potential.
Source: Child and adolescent health and development: progress report 2009: highlights. Geneva, World Health Organization, 2010 
